ABSTRACT In the present study, we show that insulin accelerates early morphogenesis in gastrulating chick embryo explants cultured in vitro, whereas antiserum to insulin adversely affects this process. Comparison between length of body axis of control and treated embryos clearly brings out the significant acceleration of development by excess insulin (0.175 to 17.5 nM). In embryos treated with 87.5 and 175 nM insulin, a high occurrence of abnormalities is observed. Treatment of embryos with antiserum to porcine insulin results in a high percentage of abnormalities, particularly in the forming neural tube. In situ hybridization of whole embryos using digoxigenin-labeled riboprobes showed that insulin modifies the expression of crucial developmental genes within 2 hours. While Brachyury, a pan-mesodermal marker gene, ERNI, the earliest known marker for neural induction in chick, and noggin, important in neural tube patterning, are upregulated, expression of goosecoid, necessary for gastrulation movements, does not appear to be significantly altered. During the same time, insulin does not exert any mitogenic effect on chick embryonic cells as assessed by nuclear counts. These findings demonstrate that insulin plays an important role in the early morphogenesis of the chick embryo. The function of insulin appears to be mediated by specific genes which orchestrate pattern formation during early development.
Introduction
Recent studies from our laboratory show that several molecules performing important functions in the adult life of an organism also participate in crucial phenomena in early development (Khot and Ghaskadbi, 2001; Patwardhan and Ghaskadbi, 2001; Karandikar and Ghaskadbi, 2003) . Insulin and related ligands is one group of molecules important in early embryonic development especially of the nervous system Ghaskadbi and Ghate, 1993, 1995; De Pablo and De La Rosa, 1995) . We have shown that insulin plays an essential role in prepancreatic development of the frog Microhyla ornata (Ghaskadbi and Ghate, 1993) . Insulinrelated molecules probably participate in the induction and/or pattern formation of the nervous system (Ghaskadbi and Ghate, 1995) by recruiting specific genes (Chatterjee and Ghaskadbi, 2002) .
Insulin (De Pablo et al., 1982) and receptors for insulin (Bassas et al., 1987; Girbau et al., 1989 Girbau et al., , 1992 have been shown to be present in developing chick embryo. Earlier studies on growth promoting effect of insulin and growth retarding effect of antiserum to insulin (De Pablo et al., 1985; Girbau et al., 1987) , however, have concentrated on late embryonic (post-neurula) development of the chick embryo. Since our studies with frog embryos strongly suggest that insulin is important for crucial developmental events much before neurulation, we have examined the role of insulin during early critical events such as mesoderm induction and neurulation (neural tube formation) in chick embryo. A number of genes that regulate early development and differentiation are those involved in mesoderm and neural induction. We have studied the influence of insulin on the expression of selected marker genes essential for each of these processes. We have simultaneously studied effects of insulin on cell numbers to see if modulation of embryonic gene expression is accompanied by mitogenic effect of insulin.
Expression of Brachyury is one of the first and the most important response to inductive interactions that lead to mesoderm formation in a vertebrate embryo (Smith, 2001) . In chick embryo, Brachyury (c-bra) is differentially expressed in cells located in the primitive streak. Those which express the maximum amount of Brachyury protein, predominantly form mesoderm (Wilson and Beddington, 1997) . Since anti insulin antiserum treatment led to severe neural abnormalities and insulin enhanced the neural tube differentiation, we chose two markers involved in neural induction and differentiation. ERNI (Early Response to Neural Induction) is the earliest known marker for neural induction in chick (Streit et al., 2000) . It begins to be expressed even before primitive streak formation in the prospective neural precursors and at gastrulation stage, it marks the limits of prospective neural plate (Streit et al., 2000) . Noggin is a neural inducer in amphibian embryo (Smith and Harland, 1992) while in chick, it is important in neural tube patterning but does not show the ability to induce neural tissue (Connolly et al., 1997; Streit and Stern, 1999) . Goosecoid, a homeobox gene, is necessary for gastrulation movements . It is expressed in the organizer region during gastrulation in Xenopus and around Hensen's node in chick (Izpisüa-Belmonte et al., 1993) . Ectopic expression of goosecoid leads to the recruitment of neighboring cells into forming a secondary axis in Xenopus (Niehrs et al., 1993) and in chick (Izpisüa-Belmonte et al., 1993) . The product of goosecoid, a homeodomaincontaining protein, is a transcription factor that regulates the expression of a number of downstream genes (Izpisüa-Belmonte et al., 1993) . Expression of these downstream genes is essential for the progression of gastrulation leading to the formation of the three basic germ layers, ectoderm, mesoderm and endoderm.
Results of the present study show that exogenous insulin enhances overall growth and differentiation in early chick embryo. Deprivation of endogenous insulin causes abnormalities in development especially of the neural structures. Insulin appears to bring about its effects by altering the expression of Brachyury, ERNI and noggin. The pattern of goosecoid expression, on the other hand, does not appear to be significantly affected. Further, modulation of embryonic gene expression by insulin is brought about independent of the mitogenic effects of insulin indicating that insulin acts as a differentiation factor in this system.
Results

Effects of exogenous insulin at gross morphological level
Effects of insulin on the early development of chick embryo explants cultured in vitro were assessed at five different concentrations. At concentrations lower than 0.175 nM, insulin did not have any detectable effect on embryonic development. The development was influenced by insulin at all concentrations between 0.175 nM and 175 nM (Table 1) . Insulin brought about stimulation of development at all the five concentrations. The three lower concentrations (0.175, 1.75 and 17.5 nM) were more effective in this respect (Table 1 ). The proportion of embryos showing stimulated growth accompanied by completely normal development (stimulated normal embryos) was also maximal at these three concentrations. Insulin at the two higher concentrations used (87.5 and 175 nM) also brought about stimulation of development in more than half the treated embryos. However, the proportion of abnormal and dead embryos also increased at these concentrations. Insulin thus exhibited maximal beneficial effect up to 17.5 nM. This concentration was used for assessing the influence of insulin on embryonic gene expression. At the end of the treatment (about 38 h post-laying: HH stage 10-11), normal control embryos exhibited well developed brain, notochord, heart, somites, etc. (Fig. 1A) . The stimulated normal embryos exhibited an overall stimulated development (Fig. 1B) . Some of the indicators of stimulation of development included increased number of somites, larger head region and/ or betterdeveloped heart. Some of them exhibited enlargement of all embryonic structures along with increase in the length of the body axis (see later). Some of the stimulated abnormal embryos possessed abnormalities such as somites placed abnormally close to one another, occurrence of unpaired somites, partial inhibition of neural tube closure and retardation in the compartmentalization of brain. As mentioned earlier (Table 1) , insulin brought about abnormal development in some of the treated embryos ( Fig. 1 C,D) .
Stimulatory effect of insulin on chick embryo development was quantified by measuring the anteroposterior length of the body axis of control and treated embryos (Ghaskadbi et al., 1994) . The measurements (Fig. 1E) showed that treatment with all five concentrations of insulin resulted in stimulation of development. Here again insulin was most effective in the concentration range of 0.175 to 17.5 nM and could stimulate development to the extent of 14 to 21% over the control embryos. Marginal stimulation was recorded at 175 nM insulin but this was not statistically significant (Fig. 1E) .
Effects of antiserum to insulin
Treatment of chick embryos with antiserum to insulin (1:5000) resulted in abnormal development in 45% of treated embryos (Table 2 ). In comparison, controls treated with comparable dilution of rabbit serum exhibited normal development in more than 70% cases. Amongst PC saline controls, about 90% showed normal development (Table 2 ). Abnormalities induced due to 
Effects of insulin on Brachyury expression
Expression of Brachyury could be detected by in situ hybridization using DIG-labeled chick Brachyury probe. In control embryos developing in PC saline, Brachyury expression was sharply localized around the primitive streak. All the cells about to invaginate through the streak and form various mesodermal derivatives eventually expressed Brachyury ( specimens, insulin treated embryos showed an appreciable enhancement in the intensity also.
Effects of insulin on ERNI expression
HH stage 4 control embryos growing in PC saline showed the expression of ERNI in the prospective neural plate cells present in the area surrounding Hensen's node (Fig. 2C) . The node itself was also positive for ERNI. Primitive streak was very faintly stained, if at all. The rest of the area pellucida was almost devoid of positive signal. In embryos treated with 17.5 nM insulin for 2 h, the intensity of staining had significantly enhanced while the pattern of staining was comparable to that of control embryos (Fig.  2D ). A few embryos, which were at HH stage 4 at the onset of the treatment, attained stage 4+ at the end of 2 h of treatment period. In such cases, control embryos showed stronger staining in the prospective neural plate cells and nascent head process as compared to those remained at stage 4 (Fig. 2E) . In insulin treated embryos among these advanced group, enhancement of ERNI expression was even more dramatic as compared to treated embryos still at stage 4 (Fig. 2F) . Not only the intensity of staining had enhanced, but also the horseshoe shaped ERNI positive area
around Hensen's node had laterally expanded across the width of the area pellucida.
Effects of insulin on Noggin expression
In gastrulating, stage 4 control embryos, cells comprising the Hensen's node express the maximum amount of noggin transcripts, followed by cells of the primitive streak (Fig. 2G) . The rest of the area pellucida is faintly stained for noggin RNA. In stage 4 embryos treated with 17.5 nM insulin for 2 h, there is a significant upregulation of noggin transcription especially in the Hensen's node and along the primitive streak (Fig. 2H) .
Rest of the area pellucida shows no significant change in staining pattern or intensity. In embryos, which reached stage 4+ during treatment duration, staining was darkest in the horseshoe shaped neural plate and the newly laid head process and the fan shaped area along with it ( Fig. 2I ). Anterior tip of the Hensen's node too was darkly stained. In insulin treated embryos now at stage 4+, staining intensity was highly enhanced while the pattern remained essentially the same as in controls (Fig. 2J ) and in a few cases cells immediately lateral to primitive streak, showed de novo expression of noggin within 2 hours of insulin treatment (not shown).
Effects of insulin on Goosecoid expression
Goosecoid was expressed in the cells of the Hensen's node in stage 4 control embryos (Fig. 2K ) and to some extent in the primitive streak. Rest of the area pellucida was devoid of staining. Variation in the staining intensity and pattern among stage matched control embryos was the maximum for cGsc probe. As compared to control, majority of the 17.5 nM insulin treated embryos at stage 4 showed no significant change in the intensity or pattern of staining (Fig. 2L) . In a few treated embryos especially those which have developed beyond stage 4, there was a slight enhancement of staining (Fig. 2N ) as compared to stage matched controls (Fig. 2M) .
Effects of insulin on cell number
The average number of cells per blastoderm in controls was 4.516±0.75X10 5 while that in insulintreated blastoderm was 4.198±0.68X10 5 . Thus, there was no significant difference between total cells in control and 17.5 nM insulin-treated embryos over a 2 h period. Insulin did not exert any detectable mitogenic effect during a period of 2 h that was used to assess modulation of gene expression by insulin.
Discussion
Results obtained in the present study demonstrate the ability of exogenous bovine insulin and antiserum to porcine insulin to influence early morphogenesis of pre-neurula chick embryos. Presence of excess insulin at lower concentrations (upto 17.5 nM) is development promoting while higher concentrations (87.5 and 175 nM) tend to induce abnormal development. These observations agree with our studies in frog embryos (Ghaskadbi and Ghate 1993, 1995; Ghaskadbi 1998) . In older, post-neurula embryos of chick insulin promotes growth at lower concentrations and brings about teratogenic effects at high concentrations (De Pablo et al., 1985) . While low concentrations of insulin (0.1-1.0 ng/ ml) increase glucose consumption in explanted chick embryo gastrula by 50% (Baroffio et al., 1986) , at 10-100 ng/embryo, insulin increases the total content of proteins, DNA, RNA, several lipids and enzymes in chick embryos (Girbau et al., 1987) . In the present study, stimulation of development by insulin was directly measured as increased anteroposterior axial length of embryos treated at pre-neurula stages. Treatment of gastrulating chick embryos with antiserum to insulin led to abnormal development indicating that even during gastrulation insulin is essential for normal development.
Neurulation (neural tube formation) proceeds from the anterior to the posterior end in the chick embryo. By 24 hours after egg laying (HH stage between 4 and 6), the anterior-most (cephalic) parts of the developing embryo almost complete neurulation while the posterior (caudal) parts are still undergoing gastrulation (Gilbert, 2003) . Previous studies to assess the role of insulin in chick embryonic development (De Pablo et al., 1985; Girbau et al., 1987) have been carried out on older (day 2-5) embryos in which the general body plan is already established. Present study was designed to specifically assess the role of insulin in younger stages of chick embryo, as this information is not available (Pérez-Villamil et al., 1994 ). Here we show, using in situ hybridization, that the effects of insulin treatment are at least initiated, if not exerted, before neurulation. In addition, since we observed stimulation of neural tube closure in amphibian embryos after insulin treatment (Ghaskadbi and Ghate, 1993) , we had reason to suspect a similar role of insulin in the chick embryo. Results of the present study support our contention that in the chick embryo insulin is important in very early, pre-neurula development when the nervous system is just beginning to form.
More interestingly, insulin possibly influences the spatiotemporal expression pattern of development-specific genes. Since insulin treatment was given at HH Stage 4, a stage where gastrulation is at its peak and neurulation is just being manifested, we have selected a set of genes which play important role in these processes.
Brachyury, which belongs to the family of T-box genes (Herrmann et al., 1990) , is a pan-mesodermal marker whose expression pattern is highly conserved in vertebrates (Smith et al., 1991; Smith 1997) . We studied the influence of insulin on Brachyury expression since it is one of the earliest genes expressed after embryonic inductive interactions (Smith et al., 1991; Gilbert, 2003) . The pattern of Brachyury expression obtained by us in control embryos is comparable to the pattern reported earlier (Kispert et al., 1995) .
In embryos developing in excess insulin, on the other hand, a clearly modified spatial expression pattern as well as a very significant upregulation of Brachyury was noticed. The treatment resulted in the recruitment of several additional cells to express the gene. The results are especially interesting since the product of Brachyury is a transcription factor (Kispert et al., 1995) . Initiation of Brachyury expression could directly result in the interaction of its product with downstream genes in these newly recruited Brachyury expressing cells. It is tempting to speculate that changes at the transcriptional level could account for the stimulation of development in the following possible manner. Additional Brachyuryexpressing cells mean more mesoderm that, in principle, could induce more ectodermal cells to take the neural fate. Since Brachyury is required for convergent extension during gastrulation, cell survival and mesoderm formation (Conlon and Smith, 1999) , these growth-promoting processes could be enhanced when extra Brachyury is available. Interestingly, chick embryos treated with exogenous FGF at HH stage 4 show a significant reduction in the length of body axis and corresponding downregulation of Brachyury expression (Khot and Ghaskadbi, 2001 ) while ß-microseminoprotein has an exactly opposite effect (Karandikar and Ghaskadbi, 2003) indicating a direct correlation between the two. The response of frog Brachyury to insulin is different however, it is found to be down regulated (Chatterjee and Ghaskadbi, 2002) .
ERNI, a molecular marker for a very early response to neural inducing signals was recently discovered in avian embryos (Streit et al., 2000) and there is scarcely any report yet on its further characterization or mode of action. It was first detected in pre primitive streak embryos expressed in cells that will contribute to nervous system and later its expression became confined to the border of neural plate till its complete disappearance by early somite stages concurrent to the loss of neural inducing ability of the Hensen's node (Streit et al., 2000) . Enhancement of ERNI expression could be one of the basic mechanisms of promotion of neural differentiation by exogenous insulin. In doing so, effects of insulin would be carried forward in terms of recruiting more cells to express neural specific markers like noggin, ultimately leading to enhanced neural differentiation. In frog, however, like Brachyury, noggin too is down regulated (Chatterjee and Ghaskadbi, 2002) .
Noggin codes for a secreted molecule which, in amphibians, acts as a neural inducer by sequestering BMP4, thus allowing the default neural pathway to be selected by the competent cells (Piccolo et al., 1996; Zimmerman et al., 1996) . In chick, noggin is expressed in the Hensen's node and neural plate during axial development (Connolly et al., 1997) and later in the neural folds and somites (Hirsinger et al., 1997) . Noggin protein does not induce neural tissue in chick but participates in the patterning of the neural tube (Connolly et al., 1997) . Chick embryos treated with exogenous FGF during gastrulation develop neural abnormalities and show a significant enhancement in noggin expression (Khot and Ghaskadbi, 2001) . Alteration in noggin expression could be one of the causes of the neural abnormalities seen in some of the insulin treated embryos as is the case in FGF treated embryos. In any case, again, the present results demonstrate that insulin is capable of modulating the expression of a gene that is crucial for the patterning of the neural tube.
Effect of exogenous insulin on goosecoid expression is equivocal with a majority of stage 4 embryos showing no discernible change in the expression pattern or level in response to insulin, while in a few treated embryos a slight enhancement in the staining intensity may be present. Cells which express goosecoid participate in gastrulation movements and are destined to form prechordal plate eventually (Izpisüa-Belmonte et al., 1993) . Elongation of body axis and enhancement of neural development in insulin treated embryos could thus appear to be independent of goosecoid expression and do not necessarily need a corresponding increment in goosecoid transcripts. Insulin and related molecules are known to exert mitogenic effects in avian embryonic cells (Antin et al., 1996) . We therefore looked at the effects of insulin on total number of cells. We counted ethidium bromide-stained nuclei to estimate the total number of cells per blastoderm. This method gives an accurate estimate of nuclear number since yolk granules that look similar to nuclei (Fig. 2P ) leading to erroneous counts can be easily distinguished from the nuclei (Fig. 2O ) because of use of ethidium bromide. The estimated number of cells per blastoderm in the present study agrees with published results (Ghatpande et al., 1990) . A 2-h treatment with insulin that resulted in up regulation of at least three crucial genes did not exert any detectable mitogenic action in chick embryos. The results show that modulation of development-regulating genes by insulin in this system is independent of its mitogenic action, at least during the first 2 h. To summarize, exogenous insulin stimulates normal morphogenesis in the developing chick embryo. Importantly, stimulation of development is not only accompanied by modulation of expression of specific genes important in the regulation of morphogenesis and pattern formation but may be an outcome of it. The observed modulation of gene expression is not accompanied by increase in overall cell number. If the dose of exogenous insulin is further increased, beyond a threshold, that is different for frog and chick embryos, abnormalities are induced in the developing embryos. Thus at higher doses, insulin is teratogenic. These observations agree with the teratogenic effects of insulin documented several decades ago (Duraiswami, 1950; Landauer, 1972; Cole and Trasler, 1980) . Our studies thus demonstrate, for the first time in any developing embryonic system, modulation of expression of specific developmental genes in response to minute changes in the concentration of insulin. Based on the present and published studies carried out by others and us, we propose that a development-stimulatory effect of insulin in vertebrate embryos is brought about in the following manner (Fig. 3) . Transduction of signal after the binding of insulin-related ligands to receptors results in the classic anabolic effects of insulin (reviewed by Stralfors, 1997) . Insulin is also known to be a mitogen (Harvey and Kaye, 1990; Gardner and Kaye, 1991) . Unprocessed proinsulin exerts an anti apoptotic effect in the developing chick embryos (Morales et al., 1997 , Diaz et al., 2000 . As a result of mitogenic and antiapoptotic actions of insulin, there would be more cells or additional time to follow differentiation and maturation pathways De Pablo and De la Rosa, 1995) . Insulin induced modulation of developmental gene expression demonstrated by us adds an altogether new dimension to the current thinking. It would appear that modulation of genes crucial for normal developmental progression also contributes significantly to the more effective progression of development in the presence of moderately elevated levels of insulin.
Materials and Methods
Embryo culture, treatment and morphological observations
Freshly laid White leghorn chicken (Gallus domesticus) eggs were incubated at 37.5ºC to obtain the desired stages of development. The embryos were staged based on morphological criteria described by Hamburger and Hamilton (1951) .
Chick embryos were explanted at Hamburger Hamilton (HH) stage 4 and cultured by New's single ring technique (New, 1955) . The embryos were treated with either bovine insulin (0.175, 1.75, 17.5, 87.5 and 175 nM) or antiserum to porcine insulin (1:5000) as described before (Ghaskadbi and Mulherkar, 1984; Ghaskadbi et al., 1994) . In brief, embryos were treated by carefully placing inside the ring 100 µl of Pannet Compton (PC) saline (New, 1966) containing desired concentration of insulin or antiserum. The embryos were left at room temperature for 30 min to allow proper diffusion of the chemicals. Treated embryos along with appropriate controls (PC saline-treated cultures for insulin and preimmune rabbit serum [1:5000]-
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More effective progression of developmental processes Fig. 3 . Proposed pathway of development-stimulatory effect of insulin in vertebrate embryos. Transduction of signal after the binding of insulin-related ligands to receptors results in activation of multiple processes, through which overall enhancement of development is brought about. In addition to its classic anabolic effects, insulin is also known to be a mitogen and an anti-apoptotic agent in developing chick embryos, due to which there would be more cells and additional time to follow differentiation and maturation pathways. In addition to these, we propose that the insulin-induced modulation of developmental gene expression demonstrated by us, contributes significantly to the more effective progression of development in the presence of moderately elevated levels of insulin.
treated cultures for antiserum to insulin) were incubated at 37.5ºC for the desired period. Gross morphological effects of both insulin and antiserum to insulin were studied after 22 h treatment while effects of insulin on embryonic gene expression were studies after 2 h treatment. At the end of the 22 h treatment, overall development as well as development of important embryonic structures such as brain, notochord, heart, somites, etc., in control and treated embryos were recorded. The length of body axis of embryos was measured using a micrometer scale (Ghaskadbi et al., 1994) . Considering the average length of the body axis of all control embryos to be 100%, the extent of stimulation of growth in average treated embryo was calculated. The embryos were fixed for morphological studies.
Whole mount in situ hybridization
Chicken Brachyury (Smith et al., 1991) cDNA cloned in pBS vector was a kind gift from Prof. J. C. Smith, Cambridge, U.K. The recombinant plasmid pCBRA9 was linearized with Xba I and transcribed using T3 RNA polymerase in the presence of DIG labeled UTPs to get antisense transcript of 350 bases. Chicken noggin (Connolly et al., 1997) cDNA cloned in pBS vector (cNog) was a kind gift from Dr. J. Cooke, London. Recombinant plasmid pCNog was linearized with SacII and transcribed using T7 RNA polymerase in the presence of DIG labeled UTPs to get antisense transcript of 1.3 kb size. Chicken ERNI (cERNI 2 Sub) cDNA (Streit et al., 2000) cloned in pBS vector was a kind gift from Prof. C.D. Stern, London. Recombinant plasmid was linearized with KpnI and transcribed using T3 RNA polymerase in the presence of DIG labeled UTPs to get antisense transcript of 2.1 kb size. Chicken goosecoid (cGsc) cDNA (Izpisüa-Belmonte et al., 1993) cloned in pBS vector was kind gift from Dr. J.C. Izpisüa-Belmonte, California. Recombinant plasmid was linearized with NotI and transcribed using T3 RNA polymerase in the presence of DIG labeled UTPs to get antisense transcript of about 2 kb size.
Chick embryos were explanted at HH stage 4 and cultured in vitro in the presence of either PC saline or 17.5 nM insulin for 2 h at 37.5ºC. This duration of treatment is sufficient to detect changes, if any, at the transcriptional level (Khot and Ghaskadbi, 2001; Karandikar and Ghaskadbi, 2003) . The embryos were fixed in 4% paraformaldehyde at 4ºC overnight. The embryos were thoroughly washed in PBS dehydrated in graded series of PBS: methanol and stored at -20ºC in 100% methanol until further use.
These were processed for in situ hybridization according to the method of Nieto et al. (1996) described briefly as follows. Prior to hybridization, the embryos were rehydrated, permeabilized (2 µg/ml Proteinase K for 20 min at room temperature), hybridization was carried out overnight at 58ºC for cBRA probe, 65ºC for cNog and cGsc probes and 70ºC for cERNI probe.
After blocking in 20% fetal calf serum (4ºC, 3h), embryos were incubated in 1:2000 dilution of anti-DIG antibody in the blocking solution (4ºC, overnight). After colour reaction with NBT/ BCIP (usually for a period between 30 min. to a few hours, depending on the abundance of target mRNA, quality and size of the probe, amount of label incorporated, etc.) the embryos were photographed with a combination of transmitted and incident lights.
Estimation of cell number
Stage 4 chick embryos cultured using New's single ring technique were treated with 17.5 nM insulin for 2 h at 37ºC. Identical numbers of stage matched embryos were allowed to develop in 100 µl of PC saline. At the end of the treatment duration, embryos were homogenized and nuclear extraction was carried out as described by Ghatpande et al. (1990) . Embryos were first detached from the vitelline membrane and transferred to sterile, chilled Dounce homogenizer and homogenized with a loose piston in chilled TENM 2 -sucrose buffer (10 mM NaCl, 1mM MgCl 2 , 1 mM MnCl 2 , 15 mM triethanolamine, pH 7.6 and 0.3 M sucrose; McMaster and Modak, 1977) . To the homogenate, ethidium bromide was added (2 ng/ml final concentration) and stored on ice for 20 min. Appropriately diluted homogenate was used for charging the Neubauer's chamber and fluorescent nuclei (Fig. 2O) were counted. The total number of nuclei per blastoderm was calculated.
